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ABSTRACT: 



PURPOSE- To improve the oxidation resistance of the subject carbonaceous material and the peel 
resistance of a coating layer by successively forming a carbide layer consisting essentially of SiC, a thin, 
film layer such as TiC and a thin-film layer such as a platinum group element on the surface ot the 
carbonaceous substrate. 

CONSTITUTION- The subject carbonaceous material is obtained by successively forming and 
growing a carbide layer 2 consisting essentially of SiC, a tlun-film layer 3 such as TiC and a thm,fijm 
layer 4 such as a platinum group element on the surface of a carbonaceous substrate 1. VC or JNbC is 
used in addition to the f iC in the thin-film layer 3. Ir, Ru or Ru is used as the platinum group element. 
Thereby the thermal stress is prevented from concentrating due to the difference in thermal expansion 
coefficient between the coating layer and the base material. As a result, a hardly peelable interface is 
obtained. Even if the coating layer of the platinum group element is damaged, the carbonaceous 
substrate 1 which is the base material is prevented from burning by the antioxidizing function ot the biC. 
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On the surface of a carbonaceous base 
material, (a) The carbonized material layer 
which has silicon carbide as a main component, 

(b) titanium carbide, the thin-film layer in any 
one of vanadium carbide and niobium carbide, 

(c) The material of the high temperature acid- 
proof carbonizing raw material formed by 
forming, in order, the thin-film layer of any one 
of Ir, Ru, and Rh. 

[CLAIMS] 



t, (b) mt^^y. mt^-r 
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[CLAIM 1] 

On the surface of a carbonaceous base 
material, the carbonized material layer which 
has (a) silicon carbide as a main component, (b) 
a thin-film layer of any one of titanium carbide, 
vanadium carbide, and niobium carbide, and (c) 
the thin-film layer of any one of Ir, Ru, and Rh, 
are formed in order. 

High temperature anti-oxidation carbon material 
characterized by the above-mentioned. 



[DETAILED DESCRIPTION OF INVENTION] 



[000 1] 



[0001] 



[INDUSTRIAL APPLICATION] 

This invention relates to high temperature anti- 
oxidation carbon material. 
In more detail, it is related to the carbon material 
for heat insulation for which the measures were 
taken against high temperature anti oxidation, 
carbon fiber, carbon-carbon composite material, 
etc. 

Specifically, it is related to high temperature 
anti-oxidation carbon material, which can be 
applied advantageously, of the high 
temperature member for the outside of a 
thermal protection system of a space shuttle, a 
gas-turbine, a jet-engine etc. 
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[PRIOR ART] 

The previous utilization as high temperature 
anti-oxidation coating of graphite or a carbon- 
fiber-reinforced carbon composite material 
(abbreviated C/C composite material for short 
hereafter) is based on silicon carbide (SiC). 
FIG. 2 demonstrates a typical example. 
In FIG... 2, 1 is a carbonaceous base material 
and 2 is SiC. 

This SiC modifies the surface of the 
carbonaceous base material 1 into a carbonized 
material, or chemical and a physical vapor 
deposition form on it. 

In FIG. 2, 5 is formed by methods such as 
coating, in order to seal the crack produced in 
SiC in the layer of silicon dioxide (Si02). 
This SiC and Si02 layer functions as the anti 
oxidation coating of the carbonaceous base 
material of graphite or a C/C composite 
material. 

That is, if Si02 is melted at the high 
temperature of 1200 or more degrees-Celsius, it 
will act as a layer which cannot transmit oxygen 
easily. 

Since SiC has the characteristic of becoming 

Si02 by its own oxidation, its bondability with a 

Si02 layer is also favorable. 

On the other hand, since it is the layer which 

modified and formed the surface of a 

carbonaceous base material, bondability with a 

base material is also favorable. 

As an action of a SiC layer, while joining a Si02 

layer to this base material (carbon), the function 

which prevents oxidation (production of carbon 

monoxide) of the carbon by the direct contact of 

a base material (carbon) and Si02 and 

exhaustion is anticipated. 

(Or more, bibliography: US Patent No. 

4,471,023 specification etc.) 
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Ronge of 1923 to 2400 K " , J. 
Am. Cer. Soc, 73 (4) P 838-45 , 
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[0003] 

Next, similarly the application of iridium (Ir) is 
described as anti-oxidation coating of a 
carbonaceous base material. 
FIG. 3 demonstrates this example. 
As FIG. 3 shows, the thin film 7 of Ir is directly 
formed by procedures such as chemical, 
physical vapor deposition, and 
electrodeposition, on the carbonaceous base 
material 1 . 

Furthermore, in order to raise adhesion of Ir and 
a base material, the thin films 6, such as a 
titanium carbide (TiC) and a hafnium carbide 
(HfC), are formed on a base material 1 by the 
chemical vapor deposition, there is also an 
example described which coated Ir after that. 
Ir acts as a layer which corresponds to the 
above-mentioned Si02 layer to which it is hard 
to transmit oxidation. 

The carbonized material layer of TiC and HfC 
etc. reacts with Ir, the intermetallic compound of 
Ir-Ti and Ir-Hf is formed. 

Moreover, these carbonized materials can 
anticipate that affinity with a carbonaceous base 
material will be good compared with Ir (since a 
carbon is included). 

It utilizes TiC and HfC for the adhesion 
improvement with Ir layer and a base material 
from these two points. 
(Above) 
Bibliography : 

J.M. Criscione, R.A.Mercuri, E.P. Schram, 
A.W.SmithandH.F.Volk, 

"HighTemperatureProtectiveCoatingsforGraghit 
e"ML-TDR-64-173PartllOct.1974, J.R.Strife, 

j.G. 

SmeggilandW.L.Worreir'Reactionoflridiumwith 
MetalCarbidesintheTemperatureRongeof1923to 

2400K", J.Am.Cer.Soc, 73 
(4) P838-45, 1990 etc. 
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[PROBLEM ADDRESSED] 

First, there are the following troubles with the 
method of using Si02 and SiC as anti-oxidation 
coating. 

That is, in Si02 and the group in which SiC and 
C coexist, in order that the total steam pressure 
of the gas produced at 1500 or more degrees- 
Celsius may exceed one atmospheric pressure, 
a gas bubble is generated in the film of Si02, 
the film is destroyed and the function of anti 
oxidation is impaired. 

{source: Following G.H.Schiroky, R.J.Prics, 
J.E.Sheehan, and G.A.TechnologiesReportGA- 
A18696 (1986)}, since the upper limit of the 
temperature which can be stably used by the 
method of using Si02 and SiC as anti-oxidation 
coating becomes near 1500 degrees-Celsius, 
prolonged use in the temperature exceeding 
this is difficult. 
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[0005] 

Next, there are the following problems with the 
method of using Ir as anti-oxidation coating. 
That is, Ir does not form a carbonized material, 
and since the carbonaceous solution limit is 
also low, bondability of the boundary surface of 
Ir and a carbonaceous base material is very 
bad. 

Moreover, a carbonaceous base material 
generally has a small coefficient of thermal 
expansion with respect to the coefficients of 
thermal expansion of Ir being 8-10*10-6 / 
degrees-Celsius (1000 or more degrees- 
Celsius) 

Especially in the case of a C/C composite 
material, since it is 1-2*10-6 / degrees-Celsius 
level, thermal stress occurs in the boundary 
surface according to the difference of the 
coefficient of thermal expansion in the case of a 
rising and falling temperature, the film exfoliates 
easily. 
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[0006] 

Moreover, in the prior art example which carries 
out the chemical vacuum deposition of TiC and 
the HfC between a carbonaceous base material 
and Ir layer, bondability of Ir and a carbonized 
material may be able to be acquired by the 
interface reaction. 

However, the coefficient of thermal expansion of 
TiC is approximately 8*1 0-6/degrees-Celsius, 
the coefficient of thermal expansion of HfC is 
approximately 7*10-6/degrees-Celsius. 
Since it is comparable to Ir, the thermal- 
expansion rate difference with a carbonaceous 
base material is large, furthermore, since it is 
not thought that reaction occurs actively by the 
boundary surface of TiC, HfC, and the 
carbonaceous base material which were formed 
by vapor deposition, the problem that this 
boundary surface exfoliates by thermal stress 
still remains. 

[0007] 

Furthermore, if the coating layer of Ir should 
receive exfoliation other damage, the 
carbonaceous base material will be exposed to 
direct high temperature in the example which 
coated Ir on the direct carbonaceous base 
material, it burns within an instant, and the 
damage to the whole apparatus which uses the 
carbonaceous base material is serious. 
Moreover, even if only the TiC and HfC layer 
remain in the example which coated Ir via the 
layer of TiC and HfC, since the oxide film 
produced by oxidation on these surfaces of the 
carbonized material, i.e., titanium oxide and 
oxidation hafnium, do not have the 
characteristic of being unable to transmit 
oxygen like Si02 in SiC easily, the role for 
preventing oxidation of a carbonaceous base 
material cannot be played. 



§V\ TiC, HfC© 

{St-T i C, H f CB<D^B 
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^jkbhh- t-zpttiXr-Acmr&fr This invention, in view of said technology 
*»Btt±»Ea***UK*, standard, tends to provide the material of a high 
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which does not have the problems 
conventional material. 



[0009] 
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[SOLUTION OF THE INVENTION] 

In this invention, a thin-film layer of any one of 
(a) the carbonized material layer which has 
silicon carbide as a main component, (b) the 
thin-film layer of any one of titanium carbide, 
vanadium carbide, and niobium carbide, and (c) 
Ir, Ru, and Rh, is formed, in order, on the 
surface of a carbonaceous base material. 
It is the material of a high temperature acid- 
proof carbonizing raw material characterized by 
the above-mentioned. 

[0010] 
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[EFFECT] 

First, in the PRIOR ART which uses SiC and 
Si02 as anti-oxidation coating, with respect to 
the problem that it cannot be used stably at 
1500 or more degrees-Celsius, a solution is 
sought by a means to coat a 
platinum_group_element like Ir, Ru, and Rh on 
the carbonized material layer which has as a 
main component SiC formed on the 
carbonaceous base-material surface in this 
invention. 

SiC is stable to near 2600 degrees-Celsius, 
unless it oxidizes. 

Since it is in the state of having been coated by 
the platinum_group_element, even the 
temperature of 1500 or more degrees-Celsius 
can be used. 



[0011] 

Next, the thin film of the carbonized material of 
TiC, VC, and NbC etc. is formed on the 
carbonized material layer which has SiC as a 



03/01/08 



8/19 



(C) DERWENT 



JP6-1 22580-A 



THOIVISON 




fM 



(o^-m^m^^^xmm 

fti©±|:T i C, VC, Nb 

c ^ <d WMto v> M% £ M > 

L^5t, I r , RuSOTh 
[0 0 12] 

CT i c, h f c£SI*f-<fc 0 

r £fcteT i C, H f C 

SCSI* k (DBBM^^^ 

-r § » t) i- J; a tijsi m i- "c 

I r , Ru&tfRh 



DERWENT 

main component in this invention with respect to 
the point of bondability of a boundary surface 
with Ir coating layer which is a subject in the 
PRIOR ART coated on a direct carbonaceous 
base material being inadequate, and being easy 
to exfoliate, after an appropriate time, a solution 
is sought by the method of coating a 
platinum_group_element like Ir, Ru, and Rh. 
The thin film of these metal carbides, by 
preliminary heat processing or the effect of 
heating at the time of first use, spreads the 
platinum_group_element and SiC mutually. 
And the role which improves adhesion of a 
boundary surface is borne. 



9 s S i C tf>$M£3I^fi 5 ~ 6 
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[0012] 

Furthermore, with respect to Ir or TiC which is a 
problem for both the PRIOR ART which coats 
TiC and HfC by vapor deposition between Ir and 
a carbonaceous base material, and the prior art 
which coats Ir to a direct carbon material, and 
exfoliation by thermal stress resulting from the 
difference of the coefficient of thermal 
expansion of HfC and carbonaceous base 
material, it is as follows. 

The solution is sought by the following means in 
this invention. 

That is, the thin film of 
platinum_group_elements, such as Ir, Ru, and 
Rh, is joined to the carbonized material layer 
which has SiC as a main component, the 
coefficient of thermal expansion of SiC has little 
thermal stress produced by temperature 
fluctuation at the 5-6*10-6 / degrees-Celsius 
level since the difference of the coefficient of 
thermal expansion with the 
platinum_group_element is small compared 
with the carbonaceous base material (especially 
C/C composite material). 
Moreover to the interlayer of a carbonized 
material layer and said 

platinum_group_element, the carbonized 
material which is easy to spread with both is 
coated, since bondability is raised by the 
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heating, it is even harder to exfoliate. 
[0013] 

About the boundary-surface forming method of 
a carbonized material layer and a 
carbonaceous base material which has SiC as a 
main component, a carbonized material 
formation element like the carbonaceous base 
material and Si as PRIOR ART is made to react 
previously. 

Means to form a carbonized material layer by 
the approach of carbonized_material-izing the 
carbonaceous base-material surface is utilized, 
as a carbon and carbonized_material's 
presence ratio changes gradually, the boundary 
surface which thermal stress cannot 
concentrate and exfoliate easily can also be 
acquired. 

[0014] 

With the PRIOR ART using Ir as a coating layer, 
the Ir layer which is another common problem is 
as follows with respect to rapid burning of the 
carbonaceous base material after receiving 
damage. 

Since SiC which serves as intermediate layer 
will show oxidation resistance even if the layer 
of platinum_group_elements, such as Ir, Ru, 
and Rh, receive damage in this invention, it is 
expectable to restrict rapid burning of a 
carbonaceous base material. 



[0015] 

A structure of the material of a high temperature 
acid-proof carbonizing raw material of this 
invention is further explained in full detail by 
FIG. 1. 

One is a carbonaceous base material among 
FIG. 1. 

2 is a carbonized material layer which has SiC 
as a main component. 

3 is the thin film of about 1 to 10 microns of 
thickness of TiC and VC which were formed by 
methods, such as a chemical vacuum 
deposition, a physical vapor deposition, and 
electrodeposition, or NbC. 
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4 is thin film, such as Ir, Ru, or Rh of about 10 to 
100 microns of thickness, similarly formed by 
methods such as chemical vacuum deposition, 
physical vapor deposition, and 
electrodeposition. 

[0016] 

The carbonized material layer 2 which has SiC 
as a main component among said structures 
has the role to which the difference of the 
coefficient of thermal expansion of the 
platinum_group_element thin films 4, such as 
the carbonaceous base material 1, Ir, Ru, or Rh, 
is changed gradually, moreover, when this thin 
film 4 receives damage, it has the role which 
protects the carbonaceous base material 1 from 
a rapid burning temporarily. 
Next, the carbonized material layer 3 of TiC, 
VC, ' or NbC spreads mutually with the 
carbonized material layer 3 of TiC, VC, or NbC, 
and the platinum_group_element thin films 4, 
such as Ir, Ru, or Rh, according to the effect of 
the heating at the time of film formation and 
the heating at the time of using at high 
temperature initially by the chemical vacuum 
deposition, a physical vapor deposition, etc., the 
role of adhesion improvement of a boundary 
surface is played. 

In order to promote this interface reaction, heat- 
processing after the film formation is also 
effective. 

[0017] 

From the above viewpoint, two points, (1) 
having non-stoichiometry and (2) solidly 
dissolving to a platinum group element, are 
adopted as a basis of selection of the 
carbonized material of TiC, VC, or NbC. 
The solution limit to the unfixed ratio of a 
carbonized material and Ir of a 
platinum_group_element which were specified 
in Table 1 is shown. 
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C/Ti=0. 55-0.96 


1 1 




CA =0, 58-0. 90 


1 6 




C/Nb=0. 55-1. 00 


1 6 



T.B.Massaski , Binart Alloy Pnase Diadrams , American Sosciety 

for Materials (1986)J;03IJfl. ,..+ 

Row (L to R): carbonized material name, disproportionation, solid solubility limit 
to Ir of carbonized material formation metal (at%) 

Column (top to bottom): carbonized material name, carbonized titanium, 
carbonized vanadium, carbonized niobium 
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[0018] 

The platinum_group_element 4 of Ir, Ru, or Rh 
functions as a high temperature anti-oxidation 
film of the carbonaceous base material 1 . 
These platinum_group_elements are stable as 
metal at high temperature. 
Exhaustion by oxidation is also small compared 
with other refractory metals such as Mo and W. 
Especially the melting point of Ir, Ru, and Rh 
is near 2000 degrees-Celsius or more among 
platinum_group_elements. 
It works as an anti-oxidation film at high 
temperature of 1800 or more degrees-Celsius. 
In Os, the melting point exceeds 3000 degrees- 
Celsius. 

However, since the volatilization consumption 
by oxidation was remarkable compared with Ir, 
Ru, and Rh, this was removed. 
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[!!jjg#!l] [Example] 

*%m<D-mmm&*>tf Hereafter, one Example of this invention is 
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given and this invention is explained further in 
full detail. 

In the Example, the C/C composite material is 
used as a carbonaceous base material, the 
surface is made to react with Si, and that which 
was made to be SiC was adopted as a base 
material. 

Furthermore, the thin film of the carbonized 
material of TiC etc. is formed on it by the 
sputtering method, the film was formed by the 
heat CVD method using the chloride of 
platinum_group_elements, such as Ir, after an 
appropriate time. 

[0020] 

As a comparison, three sorts of following 
materials which correspond to a PRIOR ART 
were used. 

Namely, the three sorts which are the thing 
which used the organic compound of Si as the 
Si02 film by the coating post-heating process 
on the base material which set said surface to 
SiC, that which carried out the direct chemical 
vacuum deposition of the Ir on the 
carbonaceous base material, and that which 
carried out the chemical vacuum deposition of 
the Ir after sputtering HfC on a carbonaceous 
base material 

[0021] 

Comparison examination of oxidation 
resistance and removability of the film by 
thermal stress was carried out by the following 
method about the above material. 
That is, about oxidation resistance, it was 
removed after 120-minute continuous heating in 
the atmospheric-condition furnace heated to 
1800 degrees-Celsius, and the weight change 
was investigated. 

With respect to thermal stress, the heat cycle of 
room temperature and 1800 degrees-Celsius 
was repeated 10 times in Ar atmosphere, and 
the existence of exfoliation was investigated by 
visual-observation and observation of a cut 
surface. 
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*i~ T r &<DMtm\z.&m Nextjn order to invest.gate the influence of the 
? :;I"22SS^2L carbonaceous base material after damage 
^tfcft©ft*Mtt-^©*» ^ rjses jn coating , aye rs, such as Ir, about two 
£pH3fc*> «P^C«5ff sorts Qf comparison materials which coated all 
mv±tk 1 r ^*Stfc2 Qf the materia | wr ,j C h becomes this invention 

and the Ir, it was exposed to an oxyacetylene 
flame for 1 minute at 2500 degree-Celsius, 
exceeding the melting point of Ir 
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[0023] 

The test result is shown in Table 2. 



l*2] 



[Table 2] 





1 

No 

(() flt±Stl&£ (//n)] 


mm.® 
mam 
(//n ) 


mm 




IS 


1 1 Ir(50) / TiC© / SiC(lOO) 


1.9 






2 I Ir(50) / VC(5) / SiC(lOO) 

3 | Ir(50) / NbC(5) / SiCClOffl 


2.3 
2.3 


m ± 
m ± 


P ± 


l§! ± 


4 1 Ru(50) / TiC(5) / SiC(lOO) 


8.6 


n ± 


m ± 


5 1 Bu(50) / VC(5) / SiCQOO) 


8.8 


m ± 


± 


6 1 Ru(50) / NhC(5) / SiCCipO) 


9.0 


n ± 




7 | Rh(50) / TiC© / SiC(lOO) 


3.5 


(n] _t 


Is] ± 


8 1 Rh(50) / VC(5) / SiCttOO) 


4.0 


n ± 


fs| J: 


9 | Rh(50) / NbC(5) / SiC(lOO) 


3.3 


N ± 


Ml _k 


lb 


10 1 SiO* (10) / SiCQOO) 




ft M 


1 tt « tB 


11 1 Ir(50) / SiCQOO) 


2.7 


ft sit 


s tt m m 


12 1 lr(50) / HfCGO) 


2.1 ■ 


!K St 


-nnnr 



Row (L to R): formation of coating layer, 

[target thickness (micrometers) inside ()] , oxidation thickness reduction after 
heating (micrometers), exfoliation condition after thermal cycle test, surface 
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condition after exposure to oxyacetylene flame 

Column (top to bottom): invention materials (1-9), comparison materials (10-12) 
Column 4: fire damage of most of base materials 

Column 5: no exfoliation, same as above, same as above, same as above, same 
as above, same as above, same as above, same as above, same as above, 
exfoliation, exfoliation, exfoliation 

Column 6: Ir layer dissolved loss, SiC layer thickness reduction; same as above; 
same as above; same as above; same as above; same as above; same as 
above; same as above; same as above; fire damage of base materials; fire 
damage of base materials; fire damage of base materials 
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Clearly, from Table 2, the base material of the 
C/C composite material burned the test piece 
coated by SiC and Si02 by the heat test in the 
atmosphere. 

On the other hand, although the coating layer of 
the outermost layer carried out oxidation 
thinning of the comparison material and these 
invention goods which coated Ir a little, the base 
material does not receive damage. 

[0024] 

Next, as for all the comparison materials that 
coated Ir by the thermal cycling test, with 
respect to exfoliation being observed, 
exfoliation was not observed in these invention 
goods. 

Furthermore, as for the comparison material 
which coated Ir by 2500 degree-Celsius flame 
exposure, with respect to the carbonaceous 
base material having burned considerably, the 
carbonaceous burning amount was small in 
these invention goods. 
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mm<n«hm [effect of the invention] 
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Celsius or more by which the function of anti 
oxidation is impaired in anti-oxidation coating, 
excellent oxidation resistance can be shown. 

[0026] 

Moreover, since concentration of the thermal 
stress by the difference of the coefficient of 
thermal expansion of the coating layer and base 
material, which is a big technical problem for 
anti-oxidation coating of carbonaceous base 
material, was restrained, the peeling resistance 
of the coating layer is also improved. 

[0027] 

Furthermore, from having combined the 
carbonized material layer which has SiC as a 
main component, and the coating layer of a 
platinum_group_element, even if the coating 
layer of a platinum_group_element receives 
damage by a certain cause, a rapid burning of 
the carbon material which is a base material 
can be prevented by the anti-oxidation function 
of SiC. 
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i 1 1 [FIGURE 1] 

*nBaUai*mmvmmttn<D Explanatory drawing of the material of a high 

temperature acid-proof carbonizing raw material 
of this invention 



r^2l [FIGURE 2] 

-i-H*:ir^ c ■ o > ; r r Explanatory drawing of the material of an acid- 
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[ i3 l [FIGURE 3] 
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4: Ir, Rh, or Ru membrane 
3: TiC, VC, or NbC 

2: Carbonized material layer that makes SiC a main component 
1 : Carbonaceous material base material 
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